The building of Diocese is located in the very center of Pančevo, at the very corner of the City Park. The object is of a great historic and cultural importance and it has been already in use for two centuries. The object was built in the masonry system, using stones and bricks for the walls, and timber for the floor and roof structure. This paper gives the description of repair and reconstruction of timber floors of 6,5m, by coupling timber and concrete technique. The detailed design concept is shown, based on the theory of coupling elasticity and the concepts of ultimate and serviceability limit state of timber structures (Eurocode 5). For the accepted design model, its numerical verification was carried out by the proper simulation in software ABAQUS 6.11. For timber, concrete and adopted fasteners for their coupling, certain laws of material behaving were adopted, as well as their evaluated and proved mechanical characteristics. All this was done to carry out design procedure. The obtained comparative results were presented, from the aspect of nonlinear stress strain analysis in characteristic sections and zones of applied design model. Finally, a short review of reconstruction based on the previous theoretical-analytical observations was given.
INTRODUCTION
The Diocese located in the center of Pančevo, on the edge of City Park is of a great historical and cultural significance ( Fig. 1 and 2 ). History of past period is embedded in all joints of its walls. Historical documents mention its existence since the beginning of the nineteenth century. In previous times, it suffered a variety of rehabilitation, reconstruction, repurposing, caused by bad, good or unconscious intentions of people, historical trends and the impact of weather conditions. Now, the structure of the Diocese is in a state that, thanks to brilliance and splendor of the facade, to the ordinary passers-by, looks inscrutable and completely marginal. Unfortunately, a walk through the hallways, stairs, numerous rooms and attic, to professionals gives alarming signals.
This paper represents theoretical and practical observations related to the structural condition of timber floors and taken steps for their strengthening, necessary for the modern use of the building [1] . Regarding the observations and determining the state of structure and reconstruction [2, 3] , of the Diocese, for repair of timber floors the process of coupling beams with reinforced concrete of the thickness d = 6 -8 cm, by head screws was suggested. The screws, length l = 140 mm and diameter d = 10 mm, were built in at a certain distance, along the timber beam, according to details shown in Fig. 4 . Design was carried out by current procedures based on hypotheses of the theory of elasticity and design concept of ultimate (ULS) and serviceability limit state (SLS) of structures (EC 2, EC 4, EC 5) [4, 5] . By analytical procedure and suitable numerical simulation the stressdeformation state and state of design strengths of both materials were proved satisfactory, and the distance between screws in relation to design loading accepted. In the following chapter theoretical basics of timber-concrete coupling have been given.
THE BASE OF THEORY OF ELASTIC COMPOUND
Analysis of composite timber-concrete beam demands knowledge of relationship between stress and deformations for all three components, timber, concrete and connecting system.
Complexity of the problem is composed of determining this relationship and introducing a large number of parameters, which complicates calculations.
For practical calculations, we can make certain simplifications, certain assumptions that enable us to reach the solution relatively easily. The approximate calculation method for semi-rigid structures is more appropriate to use in engineering, because the design procedure is simpler. The displacement between mechanically connected timber and concrete is taken into account in structural models by means of the slip modulus [6] .
The basic assumptions of composite timber-concrete structures are the following [7, 8] :
-displacements owing to bending are small and, therefore, the theory of small displacements is valid, -displacements owing to shear deformations are negligible in each element, -Bernoulli-Navier's hypothesis about plane sections is not valid along the whole cross-section, but it is individually valid both for timber cross-section and concrete crosssection, -timber and concrete are isotropic elastic materials and Hooke's law is valid, -load-slip relationship for the connector can be approximated to elastic-linear. Connectors are placed at certain distance and can be regarded as equivalent continuous connection.
The design of the composite beams is regulated in the appendix B of the Eurocode 5. The stress calculation for timber and concrete and the calculation of the connectors is to be performed in accordance with the theory of the elastic compound [9, 10] .
According to recommendations from the appendix B of the Eurocode 5, for cross-section shown by Fig.3 , geometrical properties, stresses, and characteristics of connection can be calculated according to the next procedure:
Figure 3 Geometrical properties and stress distribution
The stress in the centre of gravity of the timber and concrete part of cross-section can be calculated according to expressions:
The effective bending stiffness will be calculated as the following:
where i is number of elements of composite cross-section. In case of T-cross section, i = 2. E is the average value of modulus of elasticity for concrete and timber, respectively,
For T-cross sections, h 3 = 0. The normal stresses are given by equations:
, eff 0,5 ( )
The shear stress has the maximum magnitude at the point where normal stresses are equal to zero. Maximum shear stress at certain point of cross-section of timber element should be calculated according to expression:
Load of the fastener should be calculated according to expression:
with i = 1 and 3, where s i = s i (x) is distance between fasteners determined in B1.3 and V = V(x). In the equations given above, the signs have the following meanings: M is bending moment, J i , design moment of inertia, a 1 , a 2 are distances between centroids of both, timber and concrete parts, from centroid of whole cross-section, h 1 , h 2 are heights of both, timber and concrete part, respectively, γ is slip modulus of connecting system and E 1 , E 2 are modulus of elasticity of both, concrete and timber, respectively.
DESIGN OF COMPOSITE TIMBER-CONCRETE FLOOR ACCORDING TO EUROCODE 5
Thus, on the basis of everything written above, for adopted composite timber-concrete floor structure, proper stress-strain analysis can be applied.
Design analysis was carried out in accordance with the theory of elastic coupling and the procedure defined in Annex B, Eurocode 5. The real geometrical characteristics of coupled cross-section of the separated representative segment of width 1 m, are shown in Fig. 4 . The real model is the subject of numerical simulation in software ABAQUS 6.11.
In Fig. 5 , the approximate model of cross-section of the representative segment of coupled timber-concrete floor structure is presented. Furthermore, the design procedure based on values of mechanical characteristics of material and certain parameters taken from EN standards is given. The used concrete, according to testing and attestation, was put in C25/30. Rounded timber beams, almost two-century old, made from Carpathian pine, are in good state.
Serviceability conditions of timber floors in this object were very beneficial. Floor coverings were protecting round timber beams from insects, humidity, microorganisms. Unfortunately, we were not capable of proceeding serious testing according to relevant standards and determining mechanical characteristics of rounded timber. Strength class C 24 and service class 2 were adopted and we think that the value was underestimated.
Mechanical Properties of Timber, Concrete and Connecting System -Adopted Values
Design values of mechanical characteristics of elements of composite cross-section according to EC 2, EC 4 and EC 5 are given in Tab. 1 and Tab. 2. Design values of mechanical characteristics of timber were determined by characteristic values given in the standard EN 338 and partial safety factors for materials. Service class of timber, proper value of strength modification factor kmod = 0,8 (ULS) and deformation factor k def = 0,6 (SLS) were taken into consideration. Values of these factors depend on service class of timber and duration of load. 
Determining the Value of Slip Modulus of Head Screw
Because of the lack of experimental data and data precisely defined by regulation regarding mechanical properties of head screw built in two-century-old pine timber, the approximate values defined by Eurocode 5 (EC 5) are considered in the calculation.
As a connecting system, head screw (EN 10080), d = 10 mm, is used.
Effective distance of the head screw along the connecting surface between timber and concrete can be calculated as: 
Load Bearing Capacity of the Connecting System
Load bearing capacity of the connecting system, in this case of head screw, d = 10 mm, can be calculated from different conditions taking into account relation between concrete and screw, timber and screw, separately [11] .
Thus, load bearing capacity of the head screw regarding concrete:
where d is diameter, f ck is characteristic compression strength of the concrete cube, γ v is partial material safety factor (γ v = 1,25) and E cm is mean value modulus elasticity of concrete. The shear capacity of the head screw is defined by the following equation (EN 14555):
Load bearing capacity of the head screw regarding timber can be calculated by equations:
where M y,d is design yield moment value, f u,k =500 MPa and f h,2,d is design embedment strength of timber. In Tab. 3 the results according to conditions and procedure described by the expressions given above are presented. Final load bearing capacity of the head screw, as a connecting system, is R d = R d3 = 9,89 kN.
The Values of Internal Forces
The design load case is the result of combination of self-weight of the composite floor plus the uniform variable load. Estimated permanent load is 3,0 kN/m 2 . Variable load, estimated as medium-term load (mediumterm-load duration class) is 2,0 kN/m 2 . Using partial safety factors of loads (1,35; 1,50) we obtained the value of limit load, g = 7,05 kN/m 2 . Design value of bending moment at mid span is equal to M d = 12,41 kN·m and design value of shear force is equal to V d = 7,63 kN.
Design According to Ultimate Limit State (ULS)
Design of a composite timber-concrete floor structure, according to ultimate limit state [12] , is based on geometrical and mechanical properties of cross-section shown in Fig. 6 . These parameters are given in Tab. 4. The values of the parameters required for the assessment of the stress state in timber and concrete part of composite cross-section, as well as the capacity of head screw determined by expressions given in Chapter 2, are presented in Tab. 5. Design values of normal stresses in the concrete part of the composite cross-section: Design shear stress at certain point along the height of timber element of the composite cross-section: 
Design According to Serviceability Limit State (SLS)
Design of deflection at a mid span of a composite timber-concrete floor structure is based on geometrical and mechanical properties of cross-section shown in Fig. 6 . These parameters are given in Tab. 6. The values of the parameters required for the design of the total deflection are presented in Tab. 7. 
NUMERICAL SIMULATION OF COMPOSITE TIMBER-CONCRETE FLOOR
Numerical modeling of structures is a powerful scientific method by which it is possible to simulate many physical processes and influences, which determine their mechanical behaviour during their life-time. In that way it is likely to come to characteristics of some phenomena in behaviour, for a shorter period and less expenses, which is often not characteristic for experimental research. This is highly important to apply in structural analysis or their elements, which need to be tested by real prototypes.
Numerical modelling of strengthened, coupled timberconcrete floor structure was carried out by finite element method (FEM), using software ABAQUS 6.11 [13] . By this process it is possible to verify results obtained by analytical procedure as well as results which can be obtained by eventual testing of composite timber-concrete floor structure on the construction site. By modelling in ABAQUS 6.11 it is possible to use 3D linear analysis of elements of composite floor structure by application of adequate constitutive laws of materials, which are further described in details.
The Material Model of Timber -Transversal Orthotropy
The material model for numerical simulation of timber part of coupled cross-section was adopted as linear elastic transversal orthotropy.
"Engineering constants", Dijkl, of material whose orthotropic behaviour is accepted as a model, are based on experimentally obtained or standard accepted values of mechanical parameters of stiffness in proper directions.
Linear-elastic behaviour of timber as transversal orthotropic material can be defined by a proper stiffness matrix, which is composed of 9 independent parameters. For such a model, stress-strain relation is: .
Constants are calculated using the following relations and the obtained values are input at the proper step of numerical modelling in ABAQUS 6.11. ( 
Constant ϒ can be calculated in the following way: 
Material Models of Concrete and Steel: Linear-Elastic Behaviour
In numerical model, concrete as material and connecting system (head screw-steel) were treated as isotropic materials and the constitutive laws of behaviour were adopted in linear-elastic field.
The total stress state was defined by well-known relation:
where: σ is total stress (Cauchy stress in finite-strain problems), D el is elastic matrix of stiffness in tensor form and ε el total elastic strain (log strain in finite-strain problems).
It should be noted, because of stability of solution, that this material model should not be used if large elastic strains are to be expected. In such a case, for modelling isotropic characteristics of concrete and steel in the area of elastic behaviour, the hyper-elastic material model should be used.
Modelling the Connection between Concrete, Timber
and Head Screw by "Embedded Element" Technique "Embedded element" technique is used for modelling the connection of head screw (connecting system), which is with one part in concrete plate and with the other one in rounded timber beam. During modelling attention should be paid to geometrical relation of nodes of finite elements (FE) of embedded head screw and nodes of FE of a rounded timber beam and concrete plate, that is elements which are "host" in relation to an element which is to be embedded.
Different types of elements can be used in this technique: two-dimensional models, three-dimensional models, axi-symmetric models. However, the number of degrees of freedom (DOF) considering displacements in nodes of embedded element must be equal to the number of DOF of "host" element.
Numerical Modelling -Results
Regarding applied constitutive laws of materials and mechanical and geometrical characteristics of elements of newly-projected timber-concrete floor structure, the geometry of model and loading distribution, which completely match the Diocese's real behaviour, were formed. The characteristic separated part of composite timber-concrete floor structure, of the unit width and span of 6,5 m, whose geometrical characteristics are shown in Fig. 4 , has been modeled in software ABAQUS 6.11. Head screws were modelled as separated elements and were treated as "beam" elements.
Material constants and physical parameters, used in modelling in ABAQUS and in accordance with adopted constitutive laws of materials, are shown in Tab. 8. Reinforced concrete plate and rounded timber beams were modelled by using "solid" final 3D elements with 8 nodes, of type C3D8R. These elements in each node have 6 degrees of freedom, 3 displacements and 3 rotations. The analysis of mesh discretisation was carried out to determine compatible value of final elements in relation to material heterogeneity of model. More suitable mesh discretisation was adopted in the zone of contact of head screw, having in mind their cylindrical shape, with timber and concrete parts, as well as in support zones of beams, in order to obtain precisely the value of horizontal displacements between timber and concrete part of composite crosssection.
In the following figures (Figs. 7-11 ), some results of stress and strain analysis, obtained by numerical simulation in software ABAQUS 6.11, are presented. The values of stress-deformation parameters determined by analytical process in EC 5 and numerical simulation, as well as their comparison, are shown in Tab. 9. 
ERECTION
After installing the head screws with adopted distance along the rounded timber beams, assembly of reinforcement mesh ( Fig. 13 and 14) , on the lower side of timber floor structure the scaffolds were set (Fig. 12 ). This structure of scaffolds supports timber floors on the half of span, with the adopted precamber, and has the function of accepting loading of fresh concrete mass [14] . After such preparation only it is possible to apply concrete C25/30 and build it in according to concrete technology regulation (Fig. 15) . The smallest thickness of concrete plate should be d p = 8 cm, or due to geometry and shape of rounded timber elements, d p = 6 cm.
In the webs ("pockets") between rounded timber beams and in volume of the concrete plate itself, a proper concrete should be built in, which consists of 40-50% of fraction 1, 35-40% of fraction 2 and 10-15% of fraction 3. 
CONCLUSION
The method of timber-concrete coupling by different connecting systems has been seen in the last few decades as a modern procedure used often, not only in repair and reconstruction of old, historical objects, but also in projecting new ones, especially bridges, timber floor structures of apartment and office blocks [15] .
With estimated mechanical characteristics of these two materials, in the considered case of the Diocese in Pančevo, and by comparative analytical-numerical simulation of mechanical behaviour, in accordance with the hypotheses of theory of elastic coupling, a complete verification of this method was given. On the basis of the obtained results, the conditions were made for its practical appliance in repair and strengthening of old Diocese timber floors. By photos we have shown the construction procedures necessary for strengthening timber floor structures by technique of coupling timber with concrete. Comparative review of results obtained by analytical-numerical procedure, to a certain extent shown in this paper, with values of mechanical parameters which can be obtained by testing structure under certain loading conditions, will give the base for new conclusions about mechanical behaviour of composite timber-concrete floor structures. We have a plan to do such testing very soon.
Finally, we should say that objects of cultural and historical importance, as it is the object in this paper, from the point of preserving, strengthening and maintenance, deserve far more attention than we, as a community, give to them.
